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Claims 



1. Light adjusting plastic lens with the following 
characteristics: in a plastic lens composed of a base material 
of plastic lens, a primer layer consisting of thermosetting 
polyur ethane is placed over the base material and is further 
covered with a hard coat layer consisting of a silicone resin; 
the thermosetting polyurethane contains a photochromic substance. 

2. Light adjusting plastic lens described in Claim 1 of the 
patent application in which the aforementioned primer layer 
composed of the thermosetting polyurethane is prepared by adding 
a photochromic substance to the primer paint with the main 
components being a block [polymer] polyisocyanate and a polyol, 
followed by coating the paint over the base material of the 
plastic lens and curing by heating. 

3. Light adjusting lens described in Claim 1 in which the 
photochromic substance is spironaphthoxazine. 

4. Light adjusting lens described in Claim 1 in which the 
base material of plastic is composed of a polymer obtained by 
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radical polymerization of a monomer mixture containing a N- 
substituted phenylmaleiimde derivative. 

Detailed explanation of the invention 

Industrial application field 

This invention is concerned with a plastic lens that can 
adjust the transmitted light, especially a plastic lens with 
excellence in resistance to abrasion, resistance to impact, 
resistance" to weathering, resistance to chemicals and 
adhesiveness of the covering film, as well as a high rate of 
response in light adjustment. 

Conventional technology 

Recently, attention has been focused on plastic, which is 
lighter than glass, as a material for spectacles; in response, 
many types of plastic lenses have been offered with high indices 
of refraction and low color aberration. At present, plastic 
lenses that can adjust light transmission are offered. Three 
methods are known for producing plastic lenses that can adjust 
the light: the first is to incorporate the photochromic 
substance in the material of the lens itself; the second is to 
coat the surface of the lens with a hard coat film (abrasion 
resistant film) containing a photochromic substance; and the 
third is to incorporate a photochromic substance in the aery late 
resin primer inserted, with the aim of improving adhesiveness, 
between the hard coat layer and the lens. 
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Problems this invention is to solve 

In the method of incorporating the photochromic substance in 
the lens, there are the problems of a slow response for light 
adjustment and a high cost resulting from the large amount of 
photochromic substance required for light adjustment, despite the 
fact that less deterioration of light adjustment capability due 
to oxidation of photochromic substance by oxygen in air occurs 
because the lens is covered with a hard coat film most of the 
time. 

In the second method, in which the hard coat film with a 
photochromic function is coated over the lens, there are problems 
of easy deterioration of the photochromic substance due to 
oxidation because the hard coat film is directly exposed to the 
air and a slow response speed for light adjustment. 

In the method of inserting a primer coat of resin containing 
a photochromic substance between the lens and the hard coat 
layer, which was proposed as a solution for the problem of 
oxidative deterioration of the photochromic substance cited above 
and the problem of cost, there remains the problem of slow 
response speed for light adjustment. In short, no lens has been 
devised satisfying the three conditions of low cost, freedom from 
oxidative deterioration of the photochromic substance and the 
rapid responsive in light adjustment. 

Methods to solve the problems 

After intensive studies to solve the aforementioned 
problems, we discovered that the requirements of rapid response 



for light adjustment^ freedom from oxidative deterioration of the 
photochromic substance and the required small amount of 
photochromic substance could be fuJLfilled by a plastic lens 
produced by covering the surface of the base material of plastic 
lens with a primer layer of thermosetting polyur ethane containing 
a photochromic substance which is further covered by a hard coat 
layer composed of a silicone resin. 

This invention offers a plastic lens characterized by the 
production method of covering the surface of the base material of 
the plastic lens with a primer layer of thermosetting 
polyuretha'ne containing a photochromic substance^ which is 
further covered by a hard coat layer composed of a silicone 
resin. 

This invention is now explained in detail. 

As for the type of the base material of the plastic lens of 
this invention, there is no particular restriction. However, it 
is preferable to use a CR-39 lens, a polycarbonate lens and a 
lens composed of a polymer obtained by radical polymerization of 
a monomer mixture containing a N-substituted phenylmaleiimide 
derivative. The conventional polymerization method of a plastic 
lens has been radical polymerization of a monomer mixture 
containing a N-substituted phenylmaleiide derivative in which the 
monomer mixture is poured into a mold prepared with a glass mold 
and an ethylene-vinyl acetate copolymer gasket to be heated at a 
prescribed temperature for a prescribed period. The plastic lens 
is taken out of the mold followed by a procedure of postcuring at 
a certain temperature for a certain period to obtain the lens. 

In this invention, the primer paint is prepared with a block 
polyisocyanate and a polyol as the main components, with the 
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addition of a photochromic compound. The paint is coated over 
the lens and hardened by heating. There are two types of 
polyisocyanates, block and nonblock. In this invention^ a block 
polyisocyanate is used to form the thermosetting polyurethane. 
In the block polyisocyanate, the isocyanate group is protected by 
an agent called a blocking agent. If a nonblock polyisocyanate 
is used, one obtains a thermosetting polyurethane of the normal 
temperature type because the reaction is carried out at the 
normal temperature between the active hydrogen of polyol and the 
isocyanate group of the nonblock type, so that the pot life is as 
short as 1" day for the paint of a thermosetting polyurethane of 
normal temperature hardening type. On the other hand, heating 
initiates the reaction between active hydrogen and the isocyanate 
group liberated by heating in a block polyisocyanate, so that the 
pot life is as long as 2 months at the normal temperature. 

As the block polyisocyanate, one can cite the adduct 
prepared by the combination of a few molecules of hexamethylene 
diisocyanate, isophorone diisocyanate, 4,4^-dicyclohexylmethane 
diisocyanate and hydrated xylylene diisocyanate; products of 
block isocyanurate, allophanate, biuret and carbidiimide with 
acetoacetic acid, malonic acid and methylethyl ketooxime. As the 
polyol, one can cite polyester, poly ether, polycaprolactone, 
polycarbonate and polyallylates containing multiple hydroxy 
groups in a molecule. The ratio between block polyisocyanate and 
polyol must be such that the molar ratio between the isocyanate 
groups and hydroxy groups is 0.8-1.25, preferably 0.85-1.2. If 
this ratio is less than 0.8 or more than 1.25, the crosslinking 
density becomes so small in the hardened membrane that the impact 
strength is reduced for the lens. 



7 



As examples of the photochromic substance^ one can cite 
oxazine type photochromic substances such as spironaphthooxazine, 
5-chlorospironaphthoxazine, spirophenanthrooxazine and 
5-chlorospironphenantrhooxazine. The concentration of the 
photochromic substance is 10-50 wt%, preferably 20-40 wt%, with 
respect to the urethane component. If the content is less than 
10%, the light adjustment is impoverished; if it is more than 10% 
[sic; 50%], the adhesiveness of the coated membrane is reduced. 

In the reaction between the block polyisocyanate and the 
polyol, the presence of a curing catalyst is indispensable. It 
is preferable to use tertiary amine compounds, organic tin 
compounds and organic zinc compounds as the curing catalyst. As 
a tertiary amine, one can cite triethylamine, N,N,N',N'- 
tetramethylpropyleneamine and N,N,N',N'- 

tetramethylhexamethylenediamine. As an organic tin compound, one 
can cite tin octinoate, dibutyltin diacetate, and dibutyltin 
dialurate. As an organic zinc compound, one can cite zinc 
octinoate and zinc naphthenate. The concentration of the curing 
catalyst is 0.1-5%, preferably 0.5-2%, with respect to the resin 
component. If the content is less than 0.1%, a long time is 
required for curing, reducing the work efficiency. 

In this invention, the primer paint is usually diluted with 
a solvent. As the solvent used for dilution, one can cite 
alcohols, ketones, esters and ethers. Also other commonly known 
solvents can be used. Especially preferable are propylene glycol 
monoethyl ether, isopropyl alcohol, cyclohexanone, methylisobutyl 
ketone and butyl acetate. These can be used alone or in 
combination of two or more. ' In the primer paint, it is possible 
to add a leveling agent to improve the coating property and a 
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light stabilizer, antioxidant or IR absorber for improved 
weathering property of the photochromic substance. 

The coating of the primer paint can be carried out by any 
commonly known method such as spin coating or dipping, without 
any particular restriction. The lens surface can be pretreated 
with alkali, plasma or UV light, if necessary. 

In formation of the primer layer, it is necessary to coat 
the lens with the primer paint followed by heating at 100-140 **C, 
preferably at 110-130**C. If the temperature is below 100**C, the 
curing reaction does not proceed because the blocking agent is 
not removed from the block polyisocyanate; if the temperature is 
above 14 0*^0, distortion is induced in the lens. The time ' 
required for curing is dependent on the temperature but is 
usually 15-90 min. The thickness of the primer layer is 1-10 /xm, 
preferably 2-8 /xm. If the thickness is less than 1 /xm, the light 
adjustment is markedly reduced; if it is thicker than 10 /xm, the 
planar accuracy is reduced. 

In this invention, a hard coat layer composed of silicone 
resin is formed over the polyurethane primer layer. The hard 
coat material used for the hard coat layer could be any, as long 
as it is of the silicone type. However, a hard coat material of 
the UV curing type must be avoided since there is a danger of 
inducing deterioration of the photochromic substance. It is 
preferable to use a silicone resin because the hard coat layer 
obtained thereof is harder than those obtained from melamine and 
aery late resins. If the thickness of the hardcoat layer is not 
of concern, one can use a melamine or acrylate resin. The hard 
coat layer can be coated by any convention method such as 
dipping, spraying and spin coating, but from the viewpoint of 
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work efficiency, dipping is most appropriate. After coating with 
the hard coat material, the hard coat layer is formed over the 
urethane primer layer on the surface of the plastic lens by the 
curing method appropriate to the hard coat material, such as 
curing by heat of electron-beam curing. The preferable thickness 
of the hard coat layer is 2-5 /xm after curing. 

It is possible to install a film to prevent reflection in a 
single or multiple layers over the silicone hard coat layer in 
this invention. As the material for the film to prevent 
reflection, one can use metal, oxides or fluorides of metal or 
semimetals^. Representative examples are metal oxides such as 
SiOj and ZrOj and fluorides such as MgFj. As the method of' 
forming the single of multiple layer of the film for reflection 
prevention, one can cite vacuum deposition, sputtering, ion 
plating and ion beam assisted methods. 

In this invention, it is possible to post-stain the lens on 
top of the hard coat layer by using a stainable hard coat 
material such as "C-339" (Nippon ARC K.K.). Staining is carried 
out by soaking the lens with the hard coat layer in a heated 
solution of dye, similarly to the process for a conventional 
lens. 

Function and effects 

In this invention, between the plastic lens and the hard 
coat layer a primer layer composed of a thermosetting 
polyurethane containing a photochromic substance is inserted. If 
an acrylate resin is used for the primer layer, the response 
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speed of the photochromic substance is slow when light is 
irradiated because the polyroer structure is rigid due to the 
acrylate resin. Hence, the response is slow in light adjustment. 
However, the primer layer of this invention, composed of a 
thermosetting polyurethane , has a polymer structure with 
sufficient softness so that the speed of response of the 
photochromic substance is high after light irradiation, resulting 
in fast light adjustment. In addition, oxidative deterioration 
is less severe with a small amount of photochromic substance. 
Furthermore, in this invention, it is possible to install a film 
for preventing reflection over the hard coat layer and to stain 
the hard coat layer, if necessary. 

Application examples 

This invention is next explained with application examples^ 
However, the invention is not limited by these examples. 

Evaluation was carried out on a lens with several films by 
the method described below. 

1) Adhesiveness of the film 

A cross-cut tape test was performed; for evaluation of the 
adhesiveness of the film as follows. The surface of the lens with 
the films was cut with a cutter in lines at right angles so that 
100 squares were produced with sides of 1 mm. Scotch tape was 
adhered over the cut surface and the tape was rapidly peeled off. 
The number (m) of squares intact in the film was counted and the 
result was expressed as m/100. For example, the result of 
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"100/100" indicated that the membrane was not peeled off at all 
in the cross-cut tape test. 

2) Resistance to abrasion 

Plastic lenses with a primer layer and hard coat layer were 
scratched with #0000 steel wool for evaluation of surface 
abrasion as follows, 

A: no scratch mark after strong application 

B: slight scratch mark after strong application 

C: scratch marks were produced after weak application 

3) Light adjustment 

A lens with a primer layer and hard coat layer was 
irradiated with near-UV light at an intensity of 2 mW/cm^ and the 
intensity of transmitted light was measured with a photometer to 
obtain the following data: 

1. Color development time: duration from the start of 
irradiation until the time when the minimum light transmission 
was attained; 

2. Color concentration: ratio between the minimum light 
transmission and the light transmission without color 
development; 

3. Color extinction time: duration from the cessation of 
UV irradiation until the time when the light transmission 
returned to the original. 
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4) Weathering characteristics of light adjustment 
A plastic lens with a primer layer and hard coat layer was 
treated by a Fade-Ometer (Suga Shikenki K.K.) for 200 h as an 
accelerated weathering test for light adjustment capability. 

Application Example 1 

(1) Production of the base material of the plastic lens 
A solution mixture composed of 20 parts by weight of 2- 

chlorophenylmaleiimde, 20 parts by weight of 2,2-bis(3,5-dibromo- 
4 -methacryloyloxyethoxyphenyl) propane, 30 parts by weight of 
tribromophenyl methacrylate, 25 parts by weight of diallyl* 
isophthalate, 5 parts by weight of polyethylene glycol 
dimethacrylate with n = 4, 1 part by weight of UV absorbent, 2- 
(2 '-hydroxy-3 ' , 5 ' -ditert-butylphenyl) -2-chlorobenzotriazole-l , 
and 2 parts by weight of a radical polymerization initiator^ t- 
butylperoxy (2-ethyl hexanoate) was inserted in a mold constructed 
of a glass mold and a gasket of ethylene-vinyl acetate copolymer 
followed by heating from 40-120 for 20 h. A post-curing 
procedure was carried out at 120**C for 1 h on the lens taken out 
from the glass mold. The lens thus obtained was excellent as an 
optical lens, without internal strain. We used this lens as the 
base material of the plastic lens. 

(2) Preparation of the primer product, coating and curing 
17.2 parts by weight of a commercial polyacrylate polyol 

"Desmophen A-565" (Sumitomo Bayer Urethane K.K,)/ 14.17 parts by 
weight of a commercial block polyisocyanate "BL-3175" (Sumitomo 
Bayer Urethane K.K.), 0.19 part by weight of dibutyltin dilaurate 
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as the curing catalyst, 0.05 part by weight of a commercial 
fluorine leveling agent "Florad FC-430" (Sumitomo 3M K.K.)/ 
26.37 parts by weight of cyclohexanone and 26.37 parts by weight 
of methylisobutyl ketone as the solvent and 5.66 parts by weight 
of spironaphthoxazine as the photochromic substance were mixed 
and stirred until homogeneous to obtain the primer product. 

This primer product was coated over the plastic lens base 
material obtained in (1) pretreated with alkalki by soaking 
(drawing rate 20 cm/min) . The coated lens was dried in air at 
room temperature for 15 min and was then heat treated at 120 **C 
for 45 min- for curing the primer to form a primer layer 2.5 /xm 
thick over the lens. 

(3) Coating and curing of silicone hard coat material 
The commercial hard coat material "C-339" (Nippon ARC K.K.) 
was coated over the primer layer of the plastic lens base 
material with the primer layer obtained in (2) by soaking 
(drawing rate 20 cm/min) . The coated lens was dried in air at 
room temperature for 15 min and was then heat treated at 120 **C 
for 60 min for curing the hard coat layer to form the hard coat 
layer about 3 /xm thick. 

The plastic lens with the complex film thus obtained had 
excellent properties, as shown by the test results in Table I, 
such as adhesiveness of the films ^ high abrasion resistance, 
light adjustment with high speed for color development, as well 
as extinction and weathering. The lens acquired the hue of 
purple; when the lens was soaked at 90 ""C for about 10 min in a 
solution in which the brown dye "Blacks Brown D" (Hattori Seiko 
K.K.) was dissolved in water at 2 wt%. 
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Application Example 2 

23,26 parts by weight of commercial polyol "Desmophen A- 
565," 23.96 parts by weight of the commercial block 
polyisocyanate "Parnock [transliteration] D-550" (Dai Nippon Inki 
Kagaku Kogyo K.K.)/ 0.19 part by weight of dibutyltin dilaurate 
as the curing catalyst, 0.05 part by weight of the commercial 
fluorine leveling agent "Florad FC-430," 13.44 parts by weight of 
cyclohexanone and 23-44 parts by weight of methylisobutyl ketone 
as the solvent and 5.66 parts by weight of spironaphthoxazine as 
the photochromic substance were mixed and stirred sufficiently to 
homogeneity to prepare the primer product. A lens with a 'complex 
film was produced, similarly to in Application Example 1, except 
using this primer product. Tests were carried out similarly to 
in Application Example 1. The results are shown in Table I. 

Application Example 3 

A plastic lens with a complex film was prepared similarly to 
in Application Example 1, except using Cr-39 as the plastic lens; 
tests were performed similarly to in Application Example 1. The 
results are shown in Table I. 

Application Example 4 

A plastic lens with a complex film was prepared similarly to 
in Application Example 2, except using CR-39 as the plastic lens; 
tests were performed similarly to in Application Example 1. The 
results are shown in Table I. 
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Application Example 5 

A plastic lens with a complex-film was prepared similarly to 
in Application Example 1, except using the commercial product 
"TS-56-H" (Tokuyama Soda K,K.) as the silicone hard coat agent 
and employing the curing conditions of 13 0*^0 for 60 min. Tests 
were performed similarly to in Application Example 1 and the 
results are shown in Table I. 

Application Example 6 

A plastic lens with a complex film was prepared similarly to 
in Application Example 2, except using the commercial product 
"TS-56-H" (Tokuyama Soda K^K.) as the silicone hard coat agent 
and employing the curing conditions of 130**C for 60 min. Tests 
were performed similarly to in Application Example 1 and the 
results are shown in Table !• 

Comparative Example 1 

(1) Preparation of glycidyl methacrylate (80 parts by 

weight) hydroxyethyl methacrylate (20 parts by weight) 
copolymer 

48 g of glycidyl methacrylate, 12 g of hydroxyethyl 
methacrylate and 0.3 g of AIBN were added to 140 g of ethyl 
Cellosorb and while the mixture was stirred quietly, the 
temperature was raised to 90*^0. This process was continued for 
about 4 h while nitrogen was blown into the mixture. The 
solution obtained was a pale yellow liquid with a viscosity of 



110 CP with the formation of the copolymer of glycidyl 
methacrylate and hydroxyethyl methacrylate. 

(2) Preparation of the primer product and production of the 
lens 

64.1 parts by weight of the aforementioned copolymer 
containing glycidyl methacrylate, 0.1 part by weight of N,N- 
dimethyl-l,3-propanediamine as the curing catalyst, 0.01 part by 
weight of the commercial fluorine leveling agent "Florad FC-430," 
31.9 parts by weight of ethyl Cellosorb as the solvent and 
3.85 parts by weight of spironaphthoxazine as the photochromic 
substance were mixed and stirred sufficiently to homogeneit:y to 
obtain a primer product. A plastic lens was produced similarly 
to in Application Example 1, except using this primer product 
instead. Tests were performed similarly to in Application 
Example 1. The results are shown in Table I. 
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Key: 1 Application Example 

2 Comparative Example 

3 Adhesiveness of film 

4 Resistance to abrasion 

5 Time for color development (sec) 

6 Initial 

7 After fading 

8 Concentration of color 

9 Time for color extinction <sec) 
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